Total nitrogen shows a weak increase driven by low years in the early 1990s. Total phosphorus and the 20 nitrogen:phosphorus ratio (N:P) were stable. At the regional scale, the LAGOSNE dataset shows similar trends 21 to prior studies of the LAGOSNE with chlorophyll a, total nitrogen, total phosphorus, and N:P all stable over 22 time. In short, algal biomass, as measured by chlorophyll a in Rhode Island lakes and reservoirs is increasing, 23 despite stability in total nitrogen, total phosphorus, and the nitrogen to phosphorus ratio. This analysis 24 suggests an association between lake temperature and primary production. Additionally, we demonstrate 25 both the value of long-term monitoring programs, like URIWW, for identifying trends in environmental 26 condition, and the utility of site-specific anomalies for analyzing for long-term water quality trends.
16
URIWW datasets allow for comparison of water quality trends at regional and sub-regional extents, 17 respectively. We assess regional (LAGOSNE) and state (URIWW) trends with yearly mean anomalies 18 calculated on a per-station basis. Sub-regionally, temperature and chlorophyll a increased from 1993 to 2016.
19
Total nitrogen shows a weak increase driven by low years in the early 1990s. Total phosphorus and the 20 nitrogen:phosphorus ratio (N:P) were stable. At the regional scale, the LAGOSNE dataset shows similar trends 21 to prior studies of the LAGOSNE with chlorophyll a, total nitrogen, total phosphorus, and N:P all stable over 22 time. In short, algal biomass, as measured by chlorophyll a in Rhode Island lakes and reservoirs is increasing, 23 despite stability in total nitrogen, total phosphorus, and the nitrogen to phosphorus ratio. This analysis 24 suggests an association between lake temperature and primary production. Additionally, we demonstrate 25 both the value of long-term monitoring programs, like URIWW, for identifying trends in environmental 26 condition, and the utility of site-specific anomalies for analyzing for long-term water quality trends. For this analysis, we were interested in trends in lake temperature, TN, TP, TN:TP, and 118 chlorophyll a. In particular, we selected URIWW data that matched the following criteria: 119 1) were sampled between 1993 and 2016, 2) were sampled in May to October, 3) and were 120 sampled at a depth of 2 meters or less. As not all sites have data for all selected years, we 121 further filtered the data to select sites that had at least 10 years of data for a given 122 parameter within the 1993 to 2016 time frame. The final dataset used in our analysis 123 included 69 lakes and reservoirs. Of these sites, our filtered dataset had approximately 67 124 sites measured for temperature, 67 sites measured for chlorophyll a, 69 sites measured for 125 TN, and 69 sites measured for TP. Of the 69 sampling sites, 66 had data for all 5 126 parameters. The N:P ratio was calculated by dividing the mass concentrations of total 127 nitrogen and total phosphorus and then converting to a molar ratio by multiplying by 2.21 128 (e.g., atomic weight of P 30.974/atomic weight of N 14.007). 129
Field and analytical methods are detailed on the URIWW website at 130 https://web.uri.edu/watershedwatch/uri-watershed-watch-monitoring-manuals/ and 131 https://web.uri.edu/watershedwatch/uri-watershed-watch-quality-assurance-project-132 plans-qapps/, respectively. These methods, approved by both the state of Rhode Island and 133 the US Environmental Protection Agency, have remained fairly consistent, although over 134 the nearly 30 years changes did occur. When new methods were introduced, comparisons 135 between old and new methods were conducted and in all cases no statistically significant 136 differences were found with the new methods. Furthermore, the new methods did at times 137 improve the limits of detection; however, this impacted a very small number (less than 1%) 138 of measurements in this study. We did run our analyses (see Water Quality Trend 139
Analysis section) with all data and with only those data greater than the detection limit. 140
There was no change in the trend analysis and thus, the results we report are for all data as 141 originally reported in the URIWW dataset. Given these results, we assume the data to be 142 consistent across the reported time period and appropriate for a long term assessment of 143 Oliver 2017). Temperature data were not available, thus we examined trends, using our 151 analytical methods, for TN, TP, TN:TP, and chlorophyll a from the LAGOSNE dataset. We 152 used the same selction criteria on the LAGOSNE dataset as was applied to the URIWW data. 153
Water Quality Trend Analysis

154
There are many different methods for analyzing time series data for trends. Environmental 155 data are notoriously "noisy" and one of the difficulties that is encountered with multiple 156 sampling locations is how to identify a trend while there is variation within a sampling site 157 as well as variation introduced by differing start years for sampling among the many sites. 158
For instance, if long-term data on water quality were collected more frequently in early 159 years from more pristine waterbodies, then a simple comparison of raw values over time 160 might show a decrease in water quality, which could be misleading if later sampling 161 occurred on both pristine and more eutrophic water bodies. Thus, it is necessary to account 162 for this type of within-site and among-site variation, using methods similar to those used to 163 analyze long-term temperature trends using temperature anomalies (e.g., Jones and Hulme 164 1996). The general approach we used calculates site-specific deviations from a long-term 165 mean over a pre-determined reference period. This allowed all sites to be shifted to a 166 common baseline and the deviations, or anomalies, indicate change over the specified 167 reference period. We refer to this method as "site-specific anomalies". 168
Summarizing site-specific anomalies 169
Methods for calculating the site-specific anomalies and the yearly means are as follows and 170 are presented graphically in Figure 2 . Additionally, an example R script, 171
schematic_anomaly.R and example dataset, schematic.csv to recreate and demonstrate 172 the calculations in Figure 2 is available from at https://github.com/usepa/ri_wq_trends 173 and is archived at https://doi.org/10.5281/zenodo.3662828 (Hollister et al. 2019) . 174 
Linear regression on annual mean anomalies 189
Testing for a regression slope being different than zero can be used to test for monotonic 190 trends in water quality data (Helsel and Hirsch 2002) . We used these standard procedures 191 to test for positive or negative trends in lake temperature, chlorophyll a, TN, TP and TN: TP. 192 For each parameter, we fit a regression line to the anomalies as a function of year and 193 tested the null hypothesis that no trend existed (e.g., 1 = 0). The slope of this line provides 194 information on the mean yearly change of that paramter over the time period studied. 195
Traditionally, trends would be determined by assessing "significance" but recent guidelines 196 suggest not using arbitrary p-value cut-offs to assesses significance (Wasserstein et al. 197 2016). Our interpretation of the trends attempts to follow this advice and we assess trends 198 with the information provided by the magnitude of the slopes, the p-values, and our 199 understanding of the processes involved. freshwater systems is likely a function of both phosphorus and nitrogen (Paerl et al. 2016 the fact that chlorophyll a and algal biomass is driven by processes operating at different 312 scales. For instance, nutrient management is largely a local to watershed scale effort, but 313 may also be regional as atmospheric nitrogen deposition can be a significant source of 314 nitrogen (Boyer et al. 2002) . Similarly, warming lakes are driven by broader climate 315
Regional trends in water quality
patterns, yet waterbody-specific factors such as the percent of a catchment that is 316 impervious surface and lake morphology can also impact temperature ( 
Management implications
334
There are several broader management implications from the results of our analysis and of 335 examining long-term water quality trends in general. In particular, this analysis provides 336 much needed information about the long-term effects of current nutrient control efforts at 337 lake-specific and sub-regional scales and identifies areas where additional information is 338 required or a change in management approaches may be needed. First, as more long-term 339 datasets become available, it is important for managers and stakeholders to receive 340 feedback on long-term water quality trends at multiple spatial scales. Specifically is potential for within-lake approaches such as the restoration of freshwater mussels to 353 waterbodies that historically had those species. Some studies using freshwater mussels 354 have shown reductions in both nutrients and algal biomass (Kreeger et al. 2018) . 355
Data analysis approach
356
The analysis approach we used here, site-specific anomalies, is not a novel method and 357 does have a long history in the analysis of trends in climate (Jones and Hulme 1996, Jones 358 et al. 1999, Hansen et al. 2006 Hansen et al. , 2010 . However, using it to examine water quality trends is 359 a new application of the technique, as we could find little evidence of using it specifically 360 for water quality trends. We built on these methods and adapted them for use with long-361 term water quality trends. While other methods are valid and robust (e.g., Oliver et al.
